An in-house reference material of chloramphenicol (CAP) in pigs muscle was prepared from the chloramphenicol treated animals. The incurred muscle material was diluted by mixing with blank muscle sample. The concentration of CAP at the level 0.33 µg kg −1 was reached. For the homogeneity study, 10 random samples were analysed and the results were interpreted by Cochran's test and the sufficient homogeneity test. Additionally, the samples were tested for their stability according to the following scheme: 1, 7, 14, 28, 56, 84, and 112 d. It was confirmed that an appropriate homogeneity and stability of the produced in-house reference material was obtained.
Chloramphenicol (CAP) is a broad-spectrum bacteriostatic antibiotic, obtained originally from the bacterium Streptomyces venezuelae. Due to potential side effects in humans, the drug is not recommended for the treatment of minor diseases, but is reserved for the treatment of serious infections. The European Union prohibits the use of CAP as a veterinary drug for food producing animals (1, 3, (5) (6) (7) . Thus, specific and sensitive analytical methods are required for monitoring CAP at residual levels in animal foods. Additionally, the preparation of reference material (RM) from the incurred biological samples is an efficient way to check the accuracy of the method. The use of reference material for method validation is recommended by Commission Decision (CD) 2002/657/EC (2) . In practice reference materials could play a key role in this field, and can be used for method validation, estimation of measurement uncertainty, as well as for the verification of a correct use of a method and quality control (9) . Unfortunately, the availability of RMs is limited. For this reason, the aim of the study was to develop and validate a confirmatory LC-MS/MS method for CAP and prepare in-house reference material (HRM) containing muscle biologically incurred with CAP, which can be used for quality control in analysis of CAP residues.
Material and Methods

Materials.
Chloramphenicol and chloramphenicol-d5 (CAP-d5) were obtained from Sigma Co. Acetic acid, ethyl acetate, hexane, methanol, and BakerBond octadecyl C18 columns were from J.T. Baker. Acetonitryle was from Merck. Sodium chloride and sodium acetate was from P.O.Ch., Poland. Water was deionised (>14 MΩcm).
Stock solutions and standards. Stock solutions of 1 mg/mL were prepared in methanol and stored in dark at <-20°C. The CAP working solutions at level of 0.01 μg/mL were prepared in methanol and stored in dark at <6°C no longer than 6 months. Stock solutions for internal standard of 1 mg/mL were prepared in methanol and stored in dark at <-20°C. The CAP-D5 working solutions at level of 0.01 μg/mL were prepared in methanol and stored in dark at <6°C no longer than 6 months.
Liquid chromatography-mass spectrometry. The LC-MS-MS system consisted of an Agilent Series 1100 HPLC system (Agilent Technologies, Germany) connected to a PE Sciex API 4000 triple quadrupole mass spectrometer (PE Sciex, Canada) in electrospray negative ionisation mode. The chromatography was performed on a C18 column 3 μm x 2 mm 150 mm (Luna, Phenomenex, USA), connected to a C18 precolumn 3 μm x 2 mm x 4 mm (Phenomenex, USA). The mobile phase was composed by two solutions: A (ammonium formate -5 mmol L -1 ) and B (acetonitrile) ( Table 1 ). The column was operated at 40°C and a flow rate of 0.2 ml min -1 . The ions were monitored by Multiple Reaction Monitoring (MRM), and are listed in Table 2 . The source block temperature was set to 350 °C and the electrospray capillary voltage to -4.5 kV.
Extraction of muscle. A 5 g sample of pig's muscle was mixed with 10 ml of ethyl acetate, homogenised, and centrifuged at 3,500g for 10 min at temperature about 6°C. The top layer was taken and evaporated until dry using nitrogen, redissolved in 6 ml of water and then 10 ml of hexane was added and shaken carefully. The clean-up with hexane was repeated once again. The whole solution was cleaned up by solid phase extraction (SPE) technique
Cleanup. SPE C-18 cartridges were preconditioned with 3 ml of methanol, and 3 ml of water. After percolation of the solutions, the columns were washed with 6 ml of water, 3 ml of 30% aqueous solution of methanol, and dried under pressure for 5 min. The samples were eluted with 3 ml of 60% aqueous solution of methanol. The eluate was diluted with 5 ml of water, passed through a new C18 column, and eluted with 3 ml of methanol.
Quantification of chloramphenicol. The muscle samples were spiked with chloramphenicol at the level of 0.15, 0.3, 0.45, and 0.6 ng mL -1 and processed through the extraction procedure described above. The recovery of chloramphenicol was evaluated by comparing the concentration found with standard solution. The precision of the method was measured using the same samples.
Preparation of samples for HRM study. The experiment was performed after a positive decision of the local Bioethics Committee. Three pigs were used for the experiment. The animals appeared to be clinically healthy throughout the study. The pigs had free access to feed and drinking water. Each animal was weighed before the start of experiment (≈30 kg). Chloramphenicol was given with feed at a concentration corresponding to 15 mg/kg b.w. Application of CAP was repeated three times at 12 h intervals. Muscles were collected 4 h after last administration of the drug. The samples were divided into 20 g subsamples and stored at <−20°C. In order to obtain material with a desired concentration range, a part of the incurred material with blank muscle sample was diluted, close to the "recommended concentration" of 0.3 µg kg −1 . For this reason the in-house reference material was prepared by diluting 20 g of the incurred material at concentration of 13.3 µg kg −1 with 800 g of blank muscle sample collected in a ratio of 1:40 (w:w). The procedure of diluting was performed in a steel bucket by stirring at an ambient temperature. After dilution, 20 g of the material was filled into bottles.
Homogeneity study. The homogeneity was checked following the instructions of the 'International Harmonised Protocol' (8) and ISO 13528 (4). Samples of ten, prepared as described above, were randomly selected and analysed in duplicate by means of the LC-MS/MS method. Measurements were carried out in one large series (repeatability conditions). Samples were measured in a random order to allow distinction between an analytical drift and a possible trend in the filling sequence. The Cochran test was used to check the results in order to detect outliers with a 95% confidence.
Stability study. The stability was examined after storage in the dark at <-20°C. Randomly chosen sample were tested for stability (duplicate analysis) after: 1, 7, 14, 28, 56, 84, and 112 d. Measurements were carried out under repeatability conditions in duplicate by means of the LC-MS/MS method described earlier. Stability of the in-house reference material was checked using the control chart with the criteria (mean and standard deviation) calculated from results obtained in the homogeneity study.
Results
Typical chromatograms of extracts obtained from standard solution, blank muscle sample, and CAPincurred muscle samples are shown in Fig. 1 . A single peak in the chromatogram indicates that there were no side products. The recovery of CAP was evaluated by comparing with the concentrations found in the standard solutions. The whole procedure was validated according the quality standard 2002/657/EC decision (2) . As it is shown in Table 3 , linear regression equation, correlation coefficient, linearity (working range), detection limit (CCα), detection capability (CCβ), recovery, repeatability, and uncertainty were established. The homogeneity study was performed according to the procedure described in the IUPAC Technical Report (8) .
As it is shown in Table 4 , the results were verified with a Cochran test and test for sufficient homogeneity (4). For stability, random samples were tested. The results of the stability test are shown in Fig. 2 .
Discussion
Chloramphenicol is rapidly absorbed from the gastrointestinal tract after oral administration in monogastric animals. It diffuses readily into all body tissues, but at different concentrations. The lungs, spleen, heart, and skeletal muscles contain concentrations similar to that in the blood (5).
Reference materials (RM) provide effective means for method validation (e.g., for calibration of analytical instrumentation, or to establish the trueness of the method) and are important quality control tools for laboratories aiming at ISO/IEC 17025 accreditation. That is why we have decided to prepare HRM of muscle incurred with CAP for the quality control and for further method improvement. In this case, the incurred samples were prepared at concentrations of 0.33 µg kg −1 for chloramphenicol, which is quite close to 0.3 µg kg −1 (MRPL) level for chloramphenicol in muscles. The method used for the verification of the produced HRMs was validated according to 2002/657/EC decision. Relatively high recoveries and within-laboratory reproducibility level were observed. Sensitivity of the method proved to be satisfactory as CAP can be determined far below MRPL value. Despite the simple sample preparation, the single peak of the CAP incurred muscle sample and no peaks in blank muscle samples at the CAP retention time were observed.
Homogeneity study of prepared HRM is always the first step in the evaluation process because biological material is usually heterogeneous to some degree. Scheme for the homogeneity study was based on a statistical analysis of the results of duplicated analysis for 10 samples, according to the IUPAC Technical Report (8) . With this test, trends and differences between the first and second test results or outlying results within samples can be easily checked. Verification of homogeneity observations was carried out with a Cochran test and test for sufficient homogeneity. Cochran test value of HRM was lower than the critical value for 10 pairs analysed in the study at 95% level of confidence, which indicates lack of outlying results. In the case of sufficient homogeneity test, HRM sampling standard deviation was much lower than the critical value for this test. Both statistical tests used to check the homogeneity of this material confirms the homogeneity. The results of the stability study of the CAP in the muscle HRMs stored at −20 ±2 °C confirmed that no measurable degradation occurred when the material was stored up to 5 months at this temperature.
In conclusion, the study shows that the reference material of muscles, containing biologically incurred CAP produced in our laboratory, is homogenous and stable during 16 weeks, which has been confirmed by appropriate homogeneity and stability assays. Additionally, it was confirmed that the method described above is robust with a good accuracy. The next important step of evaluation of CAP HRMs should be organising the inter-laboratory comparison based on these materials.
